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At the RAN1 previous Meeting, the following agreements for long-PUCCH have been made [1][2][3][4][5]:
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· [bookmark: OLE_LINK141]One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats.
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.
· Opt.1: one DMRS per frequency-hop
· The location is around the middle of the frequency-hop 
· Opt.2: one or two DMRS per frequency-hop
· FFS: the location of the DMRS symbol(s)
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.
· Working assumption:
· The symbols carrying UCI are formed as follows:
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH
· Long-PUCCH for moderate UCI payload with multiplexing capacity is supported
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· If frequency-hopping is enabled,
· For each frequency-hop with less than X symbols, there is one DMRS symbol.
· X is not smaller than 4.
· For each frequency-hop with equal to or more than X symbols, there are two DMRS symbols.
· For each frequency-hop, at least one DMRS symbol is included.
· FFS: number of DMRS symbols if frequency-hopping is disabled.
· Targeting one value for X.
· FFS: The value of X
· FFS: DMRS structures
· For the format of long PUCCH supporting multiplexing of users, target to select one from:
· Alt.1: User multiplexing is realized by time-domain OCC.
· Alt.2: User multiplexing is realized by pre-DFT-OCC.
· Alt.3: User multiplexing is realized by FDM within the PRB.
· Alt.4: User multiplexing is realized by pure TDM in the slot.
Conclusion:
· For long PUCCH moderate payload size with multiplexing capability, aim to downselection between Alt 2 and Alt 3 next meeting – companies are encouraged to perform additional evaluations and analysis especially considering power imbalance
In this contribution, our views on long-PUCCH structure for UCI of more than 2 bits are presented.
Discussion
Long PUCCH format for large payload size 
To conclude the open issues of DMRS pattern, simulation are performed to comparing 1DMRS and 2DMRS under different PUCCH lengths. The simulation assumptions and additional results are listed in appendix. Most scenarios are deployed in low and medium speed, which should be focused on when the number and the location of DMRS symbols are discussed. In very high speed scenarios, gNB should be able to maintain connection and work with decent data rate.    
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(a)                                         (b)
Fig1 SNR of 1% BLER for long PUCCH of 14 OSs with 300ns and 3/120km/h and 20/60/100bits
We give the results for the 14OS long format as it is more relevant format to ensure coverage in high speed. The following can be observed in Figure 1 for 14OS long PUCCH:
In the low speed scenarios, 2 DMRSs for each frequency-hop with 7 OSs underperform 1DMRS about 0.3~0.6dB. In the medium high speed scenarios, 2 DMRS for each frequency-hop outperform 1DMRS about 0.8~1.2dB. As shown in Appendix 2 Fig9(a) and (b), the 14 OSs case have to use 2 DMRSs per hop to ensure the performance of very high speed, e.g. 500km/h. Otherwise the PUCCH performance cannot guarantee any PUCCH transmission even with 20 bits UCI payload. In that sense, 14 OSs have to support 2 DMRSs per hop, as it also should be a “fallback” PUCCH.
Overall, best flexibility can be achieved by allowing configurability of long PUCCH for 2 DMRSs or 1 DMRS by gNB for any duration of PUCCH. Then, gNB could select the structures based on scenarios. However, this will bring more formats to be supported by UE.
Under the assumption that DMRS symbols is not allowed to be configurable, the viable way to meet requirement in the high speed scenarios is by using 2 DMRSs for each frequency-hop depending on the PUCCH format length.
Observation 1: In high speed scenarios, 2DMRSs per 7OS frequency-hop are needed. Otherwise, the performance of long PUCCH will not be guaranteed. In low and medium high speed scenarios, performance of 2 DMRS for each frequency-hop with 7 OS is better than that of 1 DMRS. 
Proposal 1: For long PUCCH with 14 and 13 OSs, 2 DMRSs for each frequency-hop should be supported.
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(a)                                         (b)
Fig2 SNR of 1% BLER for long PUCCH of 12 OSs with 300ns and 3/120km/h and 20/60/100 bits
Regarding the 12OS long PUCCH, we also observe gains for medium high speed scenario. However, the gains are smaller than that for format with 14 OSs.
In the low speed scenarios, 2 DMRSs for each frequency-hop with 6 OSs underperform 1 DMRS about 0.2~1.7dB.In the medium high speed scenarios, 2 DMRSs for each frequency-hop with 6 OSs outperform 1 DMRS about 0.5~0.8dB. In the low speed case of Fig2(a), we can observed that loss for 2 DMRSs becomes larger with increased coding rate due. Some gains for medium high speed are observed in 12 OS PUCCH. However, the gain is smaller, comparing with the gain in low speed. Thus, 1 DMRS can be used for each frequency-hop of 12 OS PUCCH. 
Observation 2: Taking into account both the performance in the low and medium speed scenarios, 1 DMRS per frequency-hop outperforms 2 DMRSs per frequency-hop for 12OS long PUCCH.
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(a)                                         (b)
Fig3 SNR of 1% BLER for long PUCCH of 10 OSs with 300ns and 3/120km/h and 20/60/100 bits
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(a)                                         (b)
Fig4 SNR of 1% BLER for long PUCCH of 8 OSs with 300ns and 3/120km/h and 20/60bits
Observation 3: 1 DMRS per frequency-hop always outperforms 2 DMRSs per frequency-hop for both 10OS and 8OS long PUCCHs.
Proposal 2: For long PUCCH duration with no more than 12 OSs, 1 DMRS for each frequency-hop should be supported.
In very high speed scenarios, the duration of long PUCCH can be configured to 14 or 13 symbols to meet the requirements. In the same time, it can ensure large coverage.
 Long PUCCH format with multiplexing capacity 
For long PUCCH format with multiplexing capacity, four alternatives have been proposed and other solutions are not precluded.
Alt.1: User multiplexing is realized by time-domain OCC.
Alt.2: User multiplexing is realized by pre-DFT-OCC.
Alt.3: User multiplexing is realized by FDM within the PRB.
Alt.4: User multiplexing is realized by pure TDM in the slot.
In NR#3, it was agreed to aim to down selection between Alt 2 and Alt 3 next meeting. .
Mathematically, Alt2 and Alt3 have the same mapping structure in the frequency domain. From the performance point of view, Alt2 and Alt 3 are the same [6]. The main difference is the way of implementation. Given that a smaller DFT size (size 6) is used for alt3 while DFT size of 12 is used for alt3, we slightly prefer alt3. The comb-like FDM can be supported by low complexity if we limit the reuse factor..
Proposal 3: User multiplexing is realized by the comb-like FDM within the PRB for Long PUCCH format with multiplexing capacity.
Conclusion
Based on the analysis given above, we have the following observations and proposals:
Observation 1: In high speed scenarios, 2 DMRSs per 7OS frequency-hop are needed. Otherwise, the performance of long PUCCH will not be guaranteed. In low and medium high speed scenarios, performance of 2 DMRS for each frequency-hop with 7 OS is better than that of 1 DMRS.
Proposal 1: For long PUCCH of 14 and 13 OSs, 2 DMRSs for each frequency-hop should be supported.
Observation 2: Taking into account both the performance in the low and medium speed scenarios, 1 DMRS per frequency-hop outperforms 2 DMRSs per frequency-hop for 12OS long PUCCH.
Observation 3: 1 DMRS per frequency-hop always outperforms 2 DMRSs per frequency-hop for both 10OS and 8OS long PUCCHs.
Proposal 2: For long PUCCH duration with no more than 12 OSs, 1 DMRS for each frequency-hop should be supported.
Proposal 3: User multiplexing is realized by the comb-like FDM within the PRB for Long PUCCH format with multiplexing capacity.
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Appendix 1 – Simulation Parameter
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	4GHz

	Waveform
	SC-OFDMA

	Numerology
	15 kHz

	Payload (not including CRC)
	20、60、100 bits

	FEC type and Modulation
	Polar with CRC size =11, QPSK

	Tx-Rx antenna configuration
	1x2

	Channel estimation
	practical channel estimation (MMSE)

	Channel model
	TDL-C 300ns、1000ns

	FH
	Enable

	UE Speed
	3km/h、120km/h、500km/h

	Number of symbols
	14、12、10、8

	Number of PRB
	1

	Number of DMRS
	1、2

	UR pattern
	14OS：URUUURU|URUUURU
      UUURUUU|UUURUUU
12OS：URUURU|URUURU
      UURUUU|UURUUU
10OS：URURU|URURU
      UURUU|UURUU
8OS ：URUR|URUR
      URUU|URUU


Appendix 2 – Simulation Results
[image: ][image: ]
(a)                                              (b)                  
Fig5 SNR of 1% BLER for long PUCCH of 14 OSs with 1000 and 3/120km/h and 20/60/100bits
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(a)                                              (b)                  
Fig6 SNR of 1% BLER for long PUCCH of 12 OSs with 1000ns and 3/120km/h and 20/60/100bits
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(a)                                               (b) 
Fig7 SNR of 1% BLER for long PUCCH of 10 OSs with 1000ns and 3/120km/h and 20/60/100 bits
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(a)                                              (b)                  
Fig8 SNR of 1% BLER for long PUCCH of 8 OSs with 1000ns and 3/120km/h and 20/60bits
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(a)                                                    (b)
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(c)
Fig 9 BLER for long PUCCH of 14 OSs with 300ns and 3/120/500km/h and 20/60/100bits[image: ] [image: ]
(a)                                                    (b)
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(c)
Fig10 BLER for long PUCCH of 12 OSs with 300ns and 3/120/500km/h and 20/60/100bits
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(a)                                                    (b)
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(c)
Fig11 BLER for long PUCCH of 10 OSs with 300ns and 3/120 km/h and 20/60/100bits
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(a)                                            (b)                            
Fig12 BLER for long PUCCH of 8 OSs with 300ns and 3/120km/h and 20/60bits
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